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Introduction
Luminescent inorganic solids may be divided into a number of classes. Some, like the uranyl salts and rare earth salts, show luminescence in the pure state, and some, like the Lenard and K latt sulphides, seem to require a small trace of impurity. The alkali halides, which may be rendered lumin escent by prolonged heating in the vapour of the alkali metal, by electro lysis, or by exposure to short waves, may possibly be regarded as belonging to the second class, since it is generally recognized that the luminescence is connected with the presence of neutral atoms which must be considered as impurities in the ionic lattice. The chromium-activated substances studied so extensively by Deutschbein (1932) appear to belong to a third class.
The intimate relations which have been found between the line-like emission and absorption spectra of the first class suggests that their lumin escence may be quite simply explained as a kind of resonance phenomenon. Indeed, in the case of the rare earths the spectra appear to have been satis-factorily interpreted in terms of electronic transitions of the metallic ion. But, in spite of the very large amount of work on the second class of lumin escent substances, a satisfactory explanation of their luminescence is still lacking. This is chiefly due to the fact that their spectra generally consist of broad and featureless bands. Various workers have claimed to have resolved these very broad bands into a number of partial bands, and Schmidt (1932) and Schellenberg (1932) have attempted to establish general series relation ships among the partial band maxima. The resolution, however, has been obtained partly by visual observations and partly by reconstruction of the broad bands from a number of assumed partial bands. Howes (1928) obtained by visual spectrophotometry distinct structure in the bands of some of the alkali earth sulphides. His results will be referred to later in this paper. Tanaka (1921) carried out an extensive series of observations on the cathodo-luminescence of a large number of substances activated by various impurities and deduced the existence of a frequency interval characteristic of the activator. But as many of his numbers are the result of rearranging the slight fluctuations which appear on the visually observed spectrophotometric curves, the validity of his deductions is very doubtful.
In the case of the alkali halides Perrine (1928), Northrop (1928), Hilsch and Pohl (1933) and Roos (1934) have each obtained spectra consisting of a number of quite narrow bands. Von Hippel (1936) has given an ingenious explanation of the absorption spectra of these substances in terms of the energy changes involved in the transfer of an electron from a halogen ion to an alkali ion. His explanation of the phosphorescent spectra, however, is hardly quantitative.
It therefore appeared desirable to make a further attempt to obtain resolution of the luminescent spectra of the second class of luminescent solids. It is the object of this paper to report that certain bands of this type have been resolved and the frequencies of the components determined with a precision which enables suggestions to be made as to the origin of the luminescence. These conclusions are then shown to apply to the results of other workers, and a suggestion is made as to a possible explanation of some cases of phosphorescence.
Cathodo-luminescence of calcium oxide. Experimental arrangements and results
In order to reduce the problem to its simplest terms it was decided to begin with a substance of simple structure, and for the same reason no flux was used in the preparation. A start was made with calcium oxide, since this could be obtained in a very pure state (Hilger Specpure), has a simple crystal structure (rock salt) and can easily be rendered luminescent by intim ate m ixture with a trace of im purity and subsequent heating. The mode of excitation was by cathode-rays generated under a tension of about 20,000 V from a Mercedes electrostatic machine. This mode was adopted for a number of reasons. In the first place it is far more efficient th an any other means, and in the second place excitation by light has the disadvantage th a t unless the luminescence is extrem ely bright the luminescent spectrum tends to be confused by the strongly scattered exciting lines. Schellenberg (1928 Schellenberg ( , 1932 ) attem pted to get over the latter difficulty by the use of a phosphoroscope, but this has the disadvantage of eliminating all emission of a vanishingly short life. The possible objection th a t the excitation by cathoderays involves a special process which would not operate under optical excitation is m et by the fact th a t the cathodo-and photo-lum inescent spectra of a given substance are, as far as they have been investigated, identical except as regards relative intensity of the different bands. This point, moreover, has been tested and confirmed by the w riter in the case of two samples of calcium oxide and w ith zinc sulphide ( § 4). The final form of the apparatus is shown in fig. 1 .
The sample in the form of a powder was deposited in a very thin layer in the depression in the rustless steel plug, P , which was h ard soldered into the end of the hollow brass tube, T . The la tter was flanged so as to give a vacuumfight joint against the flanged end of the side tube, S , of the m ain discharge vessel, V. C is the cathode, while
Ti tself serves al from the specimen was led out by a quartz rod, Q, to the slit of a Hilger quartz spectrograph. Liquid air could be poured into T and the tem perature watched by means of a thermocouple pushed into T and touching the back of the sample holder, P . The spectrograms were photom etered on a Cam bridge recording photoelectric photom eter. A m ercury spectrum was super imposed for calibration purposes.
Experim ents were carried out with fourteen different samples of calcium oxide; one spectroscopically pure and the rest containing each a trace of an added metal.
It was found a t first th a t although the spectra could be resolved into separate bands, these could not be further resolved with any certainty in the photom eter curves. When, however, the exciting cathode-ray current was cut down to a fraction of a microampere by running the machine verv slowly or by putting a spark gap in parallel with the tube, the most rem ark able resolution of the ultra-violet bands into almost line like components could be obtained (figs. 3, 4, PI. 3; fig. 5, PI. 4 
Visible
Only one band was strong enough to be measured. This is broad with the peak at 6200. Taking first the F, G group, which appears in all the CaO spectra including that of the Hilger spectroscopically pure sample, there can be little doubt that this group is not due to an impurity. The most obvious suggestion is that it is an electron vibration band of the crystalline oxide. Mahanti (1932) has obtained bands with calcium salts in the carbon arc which he attributes to CaO molecules but, although it is possible to find in his bands a corre spondence to every line found here, his electronic jump (28849) and vibra tional frequencies (g/ = 726-5, oj" = 811-3) are very different. Moreover, as will be seen later in this paper, nothing corresponding to Mahanti's bands for SrO and MgO has been found in the cathodo-luminescent spectra of these substances. Nor does it appear possible to attribute the electron jump to C a lll, C a ll, or to oxygen. 
CaO. Activated with various im purities

Comparisons of cathodo-luminescent and photo-luminescent spectra
CaO " specpure" The suggestions that some luminescent bands of solids " activated" with an impurity are electron vibration bands associated with the parent lattice and that the electron jump may possibly be attributed to neutral atoms of the metal of the crystal obviously require confirmatory evidence from the luminescent spectra of substances other than calcium oxide.
Some results of investigations on the cathodo-luminescent spectra of various substances at the temperature of liquid air, by the same method as described in § 2, will now be given. The bands in the visible are again broad and unresolved. Their peaks were estimated to be at 4600, 5600 and 6450 A respectively. Although these bands are too broad to offer any very positive evidence as to the origin of the electronic jump associated with them, the position of the peaks is not in consistent with the view that they may be derived from S r i transitions. 
Strontium oxide
Barium compounds
It was found impossible to
Zinc sulphides
In the case of the very brilliant sulphides of which a number of samples were tried from different sources and containing various impurities, it was found that most of the bands were too broad to give reliable values for the peaks to be regarded with any certainty as simple bands. Three bands appear to be symmetrical on the photometer curves and may possibly be regarded lines reasonably near to all these peaks.
Zinc silicate
A zinc silicate " a ctiv ated " with copper gave two bands in the visible with peaks a t 5350 and 4650. Both of these are quite close to the peak values found for the visible bands of ZnO, again suggesting, as in the case of the barium compounds, a common origin for the electronic jumps. As indicated above there are Z n l lines in the neighbourhood of both peaks.
Magnesium oxide
This substance appears to give spectra belonging to two classes, since besides two broad bands which are alike in samples activated w ith Mn, Sn and Bi and whose peaks are near to Mg I lines, the Mn activated sample shows a num ber of broadened lines and very narrow bands which cannot be compared with Mg I lines but all of which are in the neighbourhood of M n l lines. There does not appear to be any band like arrangem ent among these lines and bands. The details are given below.
MgO activated with Mn or Bi or Sn
Broad bands w ith peaks a t 4690 and 3860 A. crystals containing impurities in terms of the Wilson semi-conductor model. Such theories, in common with the earlier ones, have hitherto assumed that the emission is directly associated with the impurity. The foregoing analyses of experimental observations on luminescent spectra indicate that there is a class of luminescent solids for which such a direct role cannot be assigned to the impurity. Indeed the evidence goes to show that in these cases the emission is characteristic of the parent crystal rather than the impurity.
It has been suggested above that the luminescent bands in such cases are electron vibration bands associated with the parent lattice. Constant frequency intervals have been shown to appear in these spectra which have values quite near to the vibration frequencies of the crystal. A comparison has been drawn between the electron jumps associated with these bands and those of neutral atoms of the metal of the crystal. 
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Pi! h The striking recurrence of the metastable level of the neutral atom in this comparison suggests a possible explanation of some types of phosphor escence. This is that the atoms are first raised to higher levels by suitable excitation, whence some of them return to the metastable levels either directly or indirectly, and some to other levels. Most of these transitions result in fluorescence. But some of those atoms which have returned to the metastable states may remain there long enough to be re-excited. In the case of such atoms in a crystal we m ay expect, however, continual disturb ances from the metastable states to occur if there is a nearby state within a few vibration levels. I f this nearby state is not metastable, transition will occur to a lower state. The energy thus released m ay appear directly as phosphorescence or m ay be used to excite other atoms to a higher level whence return m ay again occur either to the metastable states or to another level, again with emission of phosphorescent light. Phosphorescence thus goes on as long as there are any atoms left in the metastable state. Although, of course, the normal duration of the metastable state in an atom associated with a crystal lattice would not be anything like long enough to account for phosphor escence of long duration it is to be remembered that the metastable state is, according to this scheme, continually being restored by the luminescence itself. That such processes are numerically possible is shown in fig. 2 for the case of C al, where the levels are drawn to scale for C al.
The scheme, of course, does not exclude the possibility that some types of phosphorescent emission are due to the return of more or less free electrons to an ion. Indeed such a possibility is almost implicit in the suggested mechanism and is indicated in fig. 2 . Such a scheme would account for:
(1) The fact that the phosphorescent spectra are similar to the fluorescent spectra.
(2) The holding up of phosphorescence by cooling, since the chances of vibrational transitions from the metastable state to a nearby non-metastable state are decreased.
(3) The speeding up of phosphorescent emission by infra-red radiation.
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Sum m a r y
Well-defined resolution of the ultra-violet bands in the cathodo-luminescent spectra of some inorganic solids, activated by various added impurities, has been obtained at the temperature of liquid air. For calcium oxide and strontium oxide constant frequency differences appear which are close to the vibrational frequencies of the crystal lattices.
Optically excited luminescent spectra of spectroscopically pure calcium oxide and of calcium oxide activated with bismuth show resolved bands in the ultra-violet which are identical with the cathodo-luminescent bands except for a slight shift towards the red.
In general, the bands in the visible are not resolved. In many cases the positions of these bands are determined by the crystal and not by the impurity added.
These observations are shown to be in agreement with those of other workers in a number of cases where the partial resolution obtained by them justifies an analysis of their results.
It is therefore suggested that the luminescent spectra of certain lumin escent solids, notably the alkaline earth oxides and sulphides, may be regarded as electron vibration bands associated with the crystal lattice.
In an attempt to interpret the electronic terms of such bands, a certain agreement is shown to exist between the values of these terms and those of electronic transitions of neutral atoms of the metal of the crystal. In this comparison, the striking recurrence of the metastable levels of the neutral atoms suggests a possible mechanism for short duration phosphorescence.
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